1. Introduction {#sec1}
===============

Cardiopulmonary resuscitation (CPR) is one of the greatest advances in modern medicine. It is an important temporary intervention to keep the brain oxygenated in patients who suffer from cardiac arrest.[@bib1] Every year, there are an estimated 200,000 in-hospital cardiac arrests in the United States.[@bib2]^,^[@bib3] There are also an estimated 370,00--750,000 cases of in-hospital CPR administered in the United States yearly.[@bib4] The American Heart Association (AHA) estimates that the survival rate for cardiac arrest is estimated to be around 50% in cases, where the CPR is administered within 3--5 min. However, this survival decreases by 7--10% with each minute that defibrillation is delayed.[@bib1] Ever since Kouwenhoven introduced chest compressions in 1960, there have been a number of changes and advancements in the CPR technique. The survival rate, however, has not changed very significantly since then.[@bib1]^,^[@bib2]

Various studies have reported a range of 7--26% survival after in-hospital cardiac resuscitation (IHCR).[@bib5]^,^[@bib6] Cooper et al. performed a large 10-year review of IHCR and showed that even though the initial survival was 38.6% immediately after CPR, this rate decreased significantly to 24.7%, 15.9%, and 11.3% when examined again at 24 h, at the time of discharge, and at 12 months.[@bib7] Similar studies were reported by other authors as well.[@bib8]^,^[@bib9] The post-CPR survival after IHCR is affected by numerous factors.[@bib1] Some of them being increased age, sex, duration of CPR time till initiation of CPR, general health and associated comorbidities, quality of CPR, presence of trained staff, and effective communication.[@bib10] Cooper et al. reported an inverse relationship between the outcome of CPR and the duration of CPR and age.[@bib7] Rakic et al. reported better outcomes in younger patients, those who had a witnessed arrest, and patients with Vfib and Vtach. Others also reported better outcomes in if prompt CPR was initiated.[@bib5]

So, what should be the optimal duration of CPR? CPR has been reported to be associated with greater rates of anoxic brain injury and poor survival.[@bib11] There are no current recommendations regarding when to stop CPR, and it should be individualized according to the patient and comorbidities. This study was undertaken to assess the effect of the duration of CPR on survival in patients with an in-hospital cardiac arrest. Prehospital CPR efforts are usually beneficial if carried out effectively up to 40 min.[@bib12] However, its impact on in-hospital cardiac arrest and survival remains unknown.[@bib13] This study aims to determine the correlation between the duration of CPR and the return of spontaneous circulation (ROSC) in an in-hospital cohort.

2. Materials and methods {#sec2}
========================

All patients (age ≥ 17 years) who received CPR at our institution (Abington Jefferson Health) after an in-hospital cardiac arrest between 2015 and 2017 were included in this retrospective study. A total of 88 patients were identified and included in this study. The primary endpoint was the ROSC or death. This was compared with the duration of CPR done. The time from event onset to initiation of CPR was not more than a minute in any of the witnessed arrests, and for the most part, it was within 30 s. Other important variables that were studied include the outcomes of CPR, the type of initial rhythm on telemetry, and the location of cardiac arrest. Various clinical characteristics, duration of CPR, and outcomes were noted. These data were analyzed using IBM SPSS, version 25. This study was conducted in compliance with the ethical standards of the responsible institution on human subjects as well as with the Helsinki Declaration.

3. Results {#sec3}
==========

The mean age of the included patients was 71.4 years (range of 17--94 years). The duration of CPR was compared with the age of the patients using Pearson correlation, and there was a very weak correlation (0.07) that was not statistically significant (p = 0.5) ([Table 1](#tbl1){ref-type="table"}).Table 1Pearson correlation depicting a weak negative correlation between duration of CPR and immediate ROSC that is not statistically significant.Table 1ROSC_AchievedDuration_of_CPRROSC_AchievedPearson Correlation1−.496[a](#tbl1fna){ref-type="table-fn"}Sig. (2-tailed)0.000N8888Duration_of_CPRPearson Correlation−.496[a](#tbl1fna){ref-type="table-fn"}1Sig. (2-tailed)0.000N8888[^1][^2]

Our patient population included 72% (*n* = 63) males and 28% (*n* = 25) females. 58.7% (*n* = 37) of the males achieved ROSC, while 41.3% (*n* = 26) did not. On the other hand, 44% (*n* = 11) of the females achieved ROSC, while 56% (*n* = 14) did not. The duration of CPR received in male patients was 20.31 ± 1.99 min (mean ± standard error) with a standard deviation of 15.81, while in female patients, it was 18.08 ± 2.55 min (mean ± standard error) with a standard deviation of 12.75. The difference between these two groups however was not statistically different, p = 0.53.

In all, 88 patients who received CPR, 55% (*n* = 48) experienced ROSC and survived the initial postresuscitation period ([Fig. 1](#fig1){ref-type="fig"}). The remaining 45% (*n* = 40) of the total patients and an additional 56% (*n* = 27) of those who achieved ROSC died during the same hospitalization in the post-ROSC period ([Fig. 2](#fig2){ref-type="fig"}). The difference in the duration of CPR between the group that achieved ROSC initially and the group that did not achieve ROSC was further analyzed. Data are mean ± standard deviation, unless otherwise stated. An independent samples *t*-test was run to determine if there were differences in the duration in patients who achieved ROSC and those that did not achieve ROSC and to see of this difference was statistically different. There was homogeneity of variances, as assessed by Levene\'s test for equality of variances with p \> 0.05 (p = 0.39).Fig. 1Mean duration of CPR in both groups. CPR, cardiopulmonary resuscitation.Fig. 1Fig. 2Duration of CPR required to achieve ROSC in all the patients. Only four patients achieved ROSC after more than 20 min of CPR. CPR, cardiopulmonary resuscitation; ROSC, return of spontaneous circulation.Fig. 2

The mean duration of CPR in patients who achieved ROSC was 12.93 ± 12.33; on the other hand, the mean duration of CPR in patients who did not achieve ROSC was 27.77 ± 13.91. The mean duration of CPR in patients who did not achieve ROSC was 14.83 higher than patients who did achieve ROSC initially. There was a statistically significant difference in mean durations of CPR between the two groups, with patients who did not achieve ROSC receiving 14.83 ± 2.79 more minutes of CPR, \[95% confidence interval (CI), 9.27--20.40\], *t*(86) = 5.30, p = 0.00 ([Table 2](#tbl2){ref-type="table"}).Table 2Independent sample t-test, comparing the duration of CPR in both groups.Table 2GroupsMean duration of CPRStd deviation*p* valueROSC achieved12.9312.33*t*(86) = 5.30, *p* = 0.00ROSC not achieved27.7713.91[^3]

Among all the patients, there was a negative correlation between the duration of the CPR and the establishment of ROSC. This is shown in [Fig. 3](#fig3){ref-type="fig"}.Fig. 3One-way ANOVA depicting the duration of CPR in different rhythms. CPR, cardiopulmonary resuscitation; ANOVA, analysis of variance.Fig. 3

The duration of CPR was also compared in patients who had a cardiac arrest in the intensive care unit (ICU) vs. out of the ICU. 55.86 (*n* = 49) patients had an arrest in the ICU, while 44.31 (*n* = 39) patients had an arrest out of the ICU. The mean duration of CPR in patients who had an arrest in the ICU was 21.12 ± 1.96 (mean ± standard error) with a standard deviation of 13.74; on the other hand, the mean duration of CPR in patients who had an arrest out of the ICU was 17.87 ± 2.62 (mean ± standard error) with a standard deviation of 16.38. The mean duration of CPR in patients who had an arrest in the ICU was 3.25 ± 3.21 (mean ± standard error) higher than patients who had an arrest out of the ICU. This difference was not statistically different (95% CI, −9.63 to 3.13), *t*(86) = −1.01, *p* = 0.31.51% of the patients (*n* = 25) in the ICU achieved ROSC, against 49% (*n* = 24) who did not achieve ROSC. On the other hand, 59% (*n* = 23) of the patients in the non-ICU setting achieved ROSC as against 41% (*n* = 16) who did not achieve ROSC.

In our study, most of the cardiac arrests were witnessed 94.31% (*n* = 83) with 5.69% (*n* = 5) of the cardiac arrests which were unwitnessed. 55.4% (*n* = 46) of witnessed cardiac arrest patients achieved ROSC, while 44.6% (*n* = 37) of witnessed cardiac arrest patients did not achieve ROSC. On the other hand, 40% (*n* = 2) of the unwitnessed cardiac arrest patients did achieve ROSC, while 60% (*n* = 3) of the unwitnessed cardiac arrest patients did not achieve ROSC. The duration of CPR received was also compared between the two groups. The duration of CPR received in patients with witnessed arrest was 19.36 ± 1.61 (mean ± standard error) with a standard deviation of 14.67, while those that had an unwitnessed arrest received 25.00 ± 9.24 (mean ± standard error) with a standard deviation of 20.66 of CPR. The difference between these two groups however was not statistically different, p = 0.41.

Finally, effect of the type of initial rhythm on achieving ROSC and the duration of CPR received with each rhythm was checked. 51% (*n* = 25) of the patients with Pulseless electrical activity (PEA) achieved ROSC, and 49% (*n* = 24) did not achieve ROSC initially. 26% (*n* = 4) of the patients with Vfib achieved ROSC, while 73% (*n* = 11) of the patients did not achieve ROSC. 42% (*n* = 3) patients with pulseless Vtach achieved ROSC, while 57.1% (*n* = 4) did not receive ROSC initially. 66.6% (*n* = 2) patients with asystole achieved ROSC, while 33.3% (*n* = 1) did not. 50% (*n* = 4) patients with polymorphic Vtach achieved ROSC, while 50% (*n* = 4) did not achieve ROSC. Furthermore, the duration of CPR received for each of the different rhythms was analyzed using a one-way analysis of variance. It revealed no statistically significant difference in the times of CPR received for any of the rhythms when compared with each other, (p = 0.60).

4. Discussion {#sec4}
=============

In our study, the total sample size was 88 with 71.59% males (*n* = 63) and 28.41% females (*n* = 25). 58.7% (*n* = 37) of the males achieved ROSC, while 41.3% (*n* = 26) did not. On the other hand, 44% (*n* = 11) of the females achieved ROSC, while 56% (*n* = 14) did not. The number of females achieving ROSC was lower; however, this does not take into account the type of rhythm and any underlying comorbidities. Also, there was no statistical difference in the duration of CPR received by both the sexes. Based on previous studies, sudden cardiac death is more common in men than in women, but on the other hand, the incidence of ventricular fibrillation is less in women which is considered a favorable rhythm.[@bib14] Our study, however, was too small to draw any conclusion about the outcome of CPR in male and female. The mean age of our patient population was 71.94 years (17--94). It has been seen that the outcomes of CPR worsen, and the rate of sudden cardiac death increases particularly after the age of 45 years.[@bib15] Our study did not show any correlation between age and duration of CPR. We believe this may have been because of the fact that these patients groups may have differed in comorbidities and the cause or setting of the cardiac arrest too may have played a role in the duration of CPR and the outcomes.

One of the most important prognostic factors regarding the outcome of CPR is the duration it was administered. The main aim of this study was to look at how long CPR was attempted and its correlation with achieving ROSC. A study by Goldberger ZD et al. looked at over 64000 patients who suffered a cardiac arrest while in hospital.[@bib16] It demonstrated ROSC in about half of the patients, and the mean time to ROSC was about 12 min. Another study also demonstrates achievement of ROSC in about half of their sample.[@bib13] In our study, overall, the average duration of CPR lasted 19.68 min with a minimum of 0 min and a maximum of 67 min. The return of spontaneous circulation was achieved in 54.55% of the cases (*n* = 48) in our study. We further looked at the duration of CPR in patients who achieved ROSC and those who did not. The mean duration of CPR received in patients who achieved ROSC was 12.93 ± 1.7; on the other hand; the mean duration of CPR in patients who did not achieve ROSC was 27.77 ± 2.1.

The mean duration of CPR in patients who did not achieve ROSC was 14.83 ± 2.79 higher than patients who did achieve ROSC initially, and this difference was statistically different. This implies that the best results achieved with CPR were usually within 15 min and that CPR more than 25 min generally have a poor outcome. Our study did have some outliers, and five patients did achieve ROSC at 25 min or more of CPR. 80% (*n* = 4) of these patients, however, died in the immediate post-ROSC, indicating that even if they achieve ROSC, they have poorer outcomes. Our results are fairly consistent with the studies mentioned above.[@bib13]^,^[@bib16]

It is also important to analyze how the survival rates at different time intervals after ROSC were achieved. The study by Rohlin O et al shows that in patients who achieved ROSC, greater than 50% of those lived for at least 30 days.[@bib13] In our study, we looked at the subgroup who had achieved ROSC (*n* = 48), and we studied the survival after ROSC. First, we evaluated how many patients survived the immediate post-ROSC period after achieving ROSC. 41.67% (*n* = 20) patients survived, while 58.33% (*n* = 28) died in the immediate post-ROSC period. Of the patients who had survived, 25% (*n* = 5) subsequently died within a week. Overall, only 15 out of 88 patients in our study actually survived up to discharge, and they were not studied after their discharge.

It is very difficult to study the effect of the duration of CPR on survival because of a lot of confounding factors and patient-to-patient variability. Most of the patients in our study had a lot of comorbidities, and this does not take into account the acute changes in patients' health status before their cardiac arrest. About 65% of the patients had hypertension, 58% of the patients had hyperlipidemia and 42% of the patients had prior coronary artery disease. So, more than half of the patients had risk factors for an adverse cardiac event. We did analyze the differences in CPR durations in patients with different comorbidities, including hypertension, hyperlipidemia and CAD, but we did not find any statistically significant difference in CPR duration in both groups. However, the general trend in the most of the studies is that the longer the duration of CPR, the worse the outcome is. Our study is consistent with this.

The authors also took a look at the setting where the cardiac arrests took place, and the majority were in a medical intensive care unit (MICU) setting, 55.86% (*n* = 49), and the rest 44.31% (*n* = 39) were on the general medical floor. It has also been noticed that the mortality from in-hospital cardiac arrest is further trending downward, and it has decreased more than out of hospital cardiac arrest; however, even in the in-hospital arrests, the department or location also affects outcome.[@bib15] In our study, slightly more patients in the non-ICU group achieved ROSC (59% vs. 51%), and the mean duration of CPR received was also 3.25 min more on average. This may have been because of the fact that non-ICU patients tend to be less sick in general. This difference, however, was not statistically different.

In-hospital cardiac arrests are mostly witnessed as the patients are usually monitored, and medical assistance is available instantly in the form of CPR and defibrillation. Rakić D et al. looked at a population of approximately 32 thousand patients in a hospital with cardiac arrest and found that 76.7% were witnessed.[@bib5] In another study 73% of patients who had an in-hospital cardiac arrest were witnessed and monitored.[@bib17] It was also noted that with a witnessed arrest, the odds of survival to discharge and neurological outcomes are better.[@bib17] In our study, the cardiac arrests were mostly witnessed 94.31% (*n* = 83) with 5.69% (*n* = 5) of the cardiac arrests which were unwitnessed. 55% of the patients with a witnessed arrest achieved ROSC as compared with 40% of the unwitnessed patients. However, the duration of CPR received was not statistically different.

It is also important to discuss the etiologies of cardiac arrest. The most common cause is coronary artery disease which is responsible for about 60--70% of cardiac arrests.[@bib18] A study by Spaulding CM et al. looked at the incidence of coronary occlusion in patients who came in with out-of-hospital sudden cardiac arrest. They found that almost half of their sample indeed had coronary artery occlusion.[@bib19] Other causes can include structural heart disease which is responsible for about 10% of deaths.[@bib18]^,^[@bib20] Without structural heart disease, sudden cardiac death can be due to arrhythmias such as Wolff-Parkinson-White syndrome, Long QT syndrome, and Brugada syndrome. These account for about 5--10% of cases.[@bib21]^,^[@bib22] There can also be "noncardiac" cardiac arrests due to other causes. Some of them include pulmonary emboli, trauma, drug intoxication, and intracranial hemorrhage.[@bib23] Heart failure is also a cause of sudden cardiac death, and it is associated with ventricular arrhythmias, asystole, and electromechanical dissociation.[@bib24] At the beginning of resuscitation, in our study, we analyzed if the cardiac arrest was presumed to be cardiac in etiology. 30.68% (*n* = 27) were thought to be cardiac in etiology, while the rest 69.32% (*n* = 61) were not.

Meaney PA et al looked at EKG rhythms and the effect on survival. They analyzed approximately 50000 cardiac arrest events. The most frequent rhythms were asystole and PEA at 39% and 37%, respectively. Pulseless ventricular tachycardia was seen in 7%, and ventricular fibrillation was seen in 17% of patients.[@bib25] The types of initial rhythms during the cardiac arrest were also noted in our study and are presented below ([Table 3](#tbl3){ref-type="table"}), PEA being the most common.Table 3The frequency of different types of rhythms found in our patients.Table 3RhythmPercentagePulseless electrical activity (*n* = 49)55.68%Ventricular fibrillation (*n* = 15)17.04%Pulseless ventricular tachycardia (*n* = 9)10.23%Asystole (*n* = 8)0.91%[Uncommon:]{.ul}Bradycardia (*n* = 3)Polymorphic ventricular tachycardia (*n* = 2)16.14%Vtach/Vf (*n* = 1)Undocumented (*n* = 1)

During the cardiac arrest, the Vfib, and pulseless Vtach were both shocked. The undocumented rhythm was not shocked telling us that it was not Vfib or pulseless Vtach.

The use of IV amiodarone is demonstrated in the ALIVE[@bib26] and ARREST[@bib27] trials that demonstrated its efficacy in out of hospital cardiac arrests. It was this thought that this can also be applied to in-hospital cardiac arrests and subsequently added to the AHA ACLS guidelines. Another trial looked at IV amiodarone administration in the in-hospital setting and found that it provided no survival benefit.[@bib28] In our patients, amiodarone was administered 23.86% of the time (*n* = 21) following ACLS recommendations.

5. Limitations {#sec5}
==============

The age range of our patients was very wide, with patients as young as 17 and as old as 80 years; therefore, we did not find any trend of CPR duration with age. In general, as the age would increase especially above 70 years, we would expect a longer duration of CPR required and worsening outcomes; however, this was not true in all cases. We could not find any significant effect of CPR duration and co-morbidities because of the relatively lower sample size. Our study was likely underpowered because of this.

6. Conclusion {#sec6}
=============

Our study shows that CPR duration is inversely associated with the establishment rates of ROSC. Most of the benefits of CPR can be achieved in the first 10 to 15 min, and a further increase in the duration of CPR provides a minimal gain. Still, survival was achievable till 38 min in some cases, and the ideal duration of resuscitation should remain a bedside decision taking into consideration the whole clinical picture.
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[^1]: CPR, cardiopulmonary resuscitation; ROSC, return of spontaneous circulation.

[^2]: Correlation is significant at the 0.01 level (2-tailed).

[^3]: CPR, cardiopulmonary resuscitation; ROSC, return of spontaneous circulation.
